Aims/hypothesis. The rural Indian population is undergoing lifestyle transition due to socio-economic growth. This study was done to determine the temporal changes in prevalence of diabetes and IGT that could have occurred in a rural population in India as a result of the lifestyle transition. Methods. A cross-sectional study of 1213 AsianIndian subjects aged 20 years or over was done to look for the prevalence of diabetes and IGT using the 1999 WHO criteria. The temporal changes were assessed in comparison with a similar study conducted 14 years previously. The factors associated with the temporal changes were also analysed. Results. Nearly a three-fold increase in age-and sex-adjusted prevalence of diabetes (from 2.20% to 6.36%) was seen in 2003 when compared with a similar study done 14 years before. Prevalence of IGT did not change significantly (7.44% in 1989 vs 7.18% in 2003). Improvement in living conditions had occurred during the period, occupational changes were seen, the number of manual labourers had decreased and economic conditions had improved. BMI and waist circumference had increased. After correcting for age, sex and differences in time periods, waist circumference and physical inactivity showed significant associations with the increased prevalence of diabetes. Conclusions/interpretation. Demographic transition due to improved living conditions in rural India was associated with a three-fold increase in the prevalence of diabetes. Increased upper body adiposity and physical inactivity showed significant association with this phenomenon.
Introduction
The large health care burden due to diabetes and other forms of glucose intolerance in India has been mostly attributed to their rising prevalence in urban areas [1, 2, India is becoming an industrialised country at a rapid rate and there has been considerable focus on improvement in basic facilities in rural areas, including water supply, electricity, transportation and health care access. The main objective of the present study was to test the hypothesis that lifestyle transition occurring due to improved living conditions in the rural areas might result in increased prevalence of diabetes and IGT. The data were compared with an earlier rural survey conducted in 1989 [6] .
Subjects and methods
In 2003, a rural population was screened to look for the prevalence of diabetes and IGT, and the temporal changes were assessed by comparing the data obtained in a similar study conducted in 1989. The villages selected for both the surveys were classified as rural by the Directorate of Census, Government of India.
A group of villages, 40 miles away from the city limits of Chennai, Tamilnadu, India, was chosen for the present survey. Anticipating a two-fold increase in the prevalence of diabetes from 2.4% in 1989 to 5%, the number required for the present study was 1064, with 5% type 1 error and 95% power.
The study was conducted in three villages in a 6-month period from February to July 2003. Enumeration of adults aged 20 and above was carried out by our field staff. All eligible members were invited to participate in the screening programme (n=1608; M:W, 807:801). A list of the residents in the villages was obtained from the village administrative (panchayat) office. We sought the help of the village chiefs and social workers in motivating the villagers to participate in the screening programme. Informed consent was obtained from all the participants and the study protocol was approved by the ethics committee of the institution.
The screening was done by house-to-house visit. The proforma containing the details of demography, anthropometry and medical history, as well as educational and social details including monthly family income, occupation, educational status and level of physical activity was completed by personal interview carried out by trained staff. Height and weight were measured and BMI was calculated (kg/m 2 ). Waist was measured as the smallest girth between the costal margin and the iliac crest.
A scoring system was used to quantify physical activity (Appendix 1). Activity levels at work and in household duties were considered per day and the scores were multiplied by the number of days per week engaged in similar activity. The score could vary from 1 to 70. A similar quantification system had been used in previous studies [2] .
In the 1989 survey, a group of villages was selected in which the population consisted mainly of agricultural labourers and represented the low-income group of India. The details were obtained from the Directorate of Census. A total of 1038 subjects (M:W, 520:518; age ≥20 years) were tested. The 2003 survey was not carried out in the same villages as the 1989 survey because the villages studied previously had undergone significant change following the installation of major automobile industry in their vicinity, providing job opportunities for the young village population. Therefore, another group of villages identical to the 1989 study site as recorded by the national census was chosen for the study. The villages had seen minimal rural-urban or rural-rural migration in the previous 14 years.
Similar procedures for sample selection, blood glucose tests, anthropometry and questionnaires for collecting data on socio-economic factors and physical activity were used in the two surveys.
All subjects were asked about lifestyle changes during the previous 14 years, with specific questions on changes in transport facilities, availability of electricity, water and medical facilities, watching television, frequency of meals, access to the city, and personal habits such as smoking and alcohol consumption. The questions were simple and the answers were either "yes" or "no". The data were confirmed by recording the details for more than one family member. Details of education and occupation were recorded.
The subjects underwent an OGTT after an overnight fast. 2-h post glucose (75 g anhydrous glucose load) and blood concentration of glucose were measured in capillary blood using a glucometer (Accutrend sensor; Roche Diagnostics, Germany). Diabetes was diagnosed if the 2-h post glucose was ≥11.1 mmol/l, and IGT was diagnosed if the values were ≥7.8 and <11.1 mmol/l. Similar criteria were used in both the surveys [8] . Comparisons were made with the data collected in the previous survey [6] .
Quality control on the blood glucose measurement was checked by measuring the 2-h plasma glucose values using the glucose oxidase peroxidase method (Roche Diagnostics) in every tenth case. The correlation between the two glucose measurements was calculated using Pearson's correlation method. The regression equation was as follows: glucometer reading = 4.23+0.95×plasma glucose; r=0.92; p<0.0001.
Statistical analysis. Prevalence estimations for both the surveys were standardised for age and sex distribution in the 1991 Tamilnadu rural census data using a direct standardisation procedure. Group comparisons were done using the Student's t test or one-way ANOVA, and p values were adjusted for multiple comparisons using the Tukey HSD procedure. Prevalence rates were compared using Z statistics. Chi square test and Pearson's correlation analysis were used wherever relevant. Appropriate statistical techniques were applied for the clustered sampling selection procedures.
To determine the factors responsible for the temporal change in the prevalence of diabetes, the data from the surveys of 1989 and 2003 were combined and multiple logistic regression analysis was done using diabetes versus NGT as the dependent variable. After adjusting for age, sex and differences in time periods, other independent variables were included. They were occupation, physical activity (in quartiles), BMI and waist circumference. Similar analyses were done using IGT as the dependent variable versus NGT. The units for categorisation were age in 10 units, BMI in 5 units and waist in 4 units. Physical activity scores were in quartiles, the first quartile being sedentary. Quartile 4 (strenuous activity) was used as the reference category. Categories of occupation were as follows: (i) manual labourers; (ii) office jobs; (iii) housewives and retired persons; and (iv) persons unable to work. Category (i) was used as the reference. A p value of less than 0.05 was considered significant. Statistical analyses were done using Stata version 7.0 (Stata, Tex., USA).
Results
In the present study, out of 1608 individuals enumerated, 1213 subjects (M:W, 497:716) with a mean age of 41±6 years were available for the study. The overall response rate was 75.4%. The non-responders refused to undergo any medical screening or were not available at the time that tests were conducted. For the year 2003, the age-and sex-adjusted prevalence of diabetes was 6.36% (95% CI: 4.89-7.83%) and the prevalence of IGT was 7.18% (95% CI: 5.36-8.74%). The corresponding prevalence for diabetes in 1989 was 2.20% (95% CI: 1.33-3.06), and for IGT it was 7.44% (95% CI: 5.82-9.07). The prevalence of diabetes had increased significantly (Z=−4.83; p<0.0001) in 2003, and the prevalence of IGT remained unchanged (Z=0.175; p=0.431). Figure 1 shows the age-specific prevalence of diabetes and IGT in both the surveys. As shown in Figure 1a , b, a significant increase in the prevalence of diabetes was seen over time in both sexes (p<0.001).
Prevalence of IGT remained relatively stable over the period of time (Fig. 1c, d ). However, it was noticed that IGT occurred at a younger age than diabetes in both the studies. In the present survey, IGT was more common (3.7%) than diabetes (1.7%) in subjects aged below 40 years (χ 2 =4.22; p=0.04). The corresponding prevalence of IGT and diabetes were 11.2% and 11.7% in the subjects below the age of 40 years. Table 1 shows the comparison of age and anthropometric data in relation to the glucose tolerance status in the present study. As expected, subjects with IGT or diabetes were older and had higher BMI, waist circumference and percentage body fat than subjects with NGT. Table 2 shows the changes in living conditions that had taken place in the present venue of study in the previous 14 years. There had been significant improvements in transport facilities, medical care, food habits and access to the city. Educational status had improved significantly: 47% had higher secondary education, among whom 4.2% had undergone college or technical education. In the previous survey, 95% had only primary school education. Family income (corrected for the rate of inflation) had improved significantly, and television was watched more frequently. The distribution of subjects according to occupation was as follows: (i) manual labourers, 22.8%; (ii) office workers, 20.2%; (iii) household workers and retired persons, 20.2%; and (iv) persons unable to work, 10.1%.
The influence of occupation on the prevalence of diabetes was also analysed, after correcting for age, sex and BMI, in a multiple logistic regression analysis. Using manual labour as the reference category, only office jobs had a significant association with diabetes (OR, 3.04; p=0.007).
Distribution of study subjects in the ascending quartiles of physical activity was 48.3%, 26.2%, 22.8% and 2.8%, quartile 1 being sedentary and quartile 4 being strenuous activity. Table 3 shows a comparative profile of the results of the two rural surveys conducted in 1989 and 2003 in similar regions using identical methodology. Significant increases in anthropometric measurements were seen in both sexes. Prevalence of being overweight (BMI ≥25 kg/m 2 ) had increased significantly.
In the 2003 survey, women tended to confine themselves to household work, unlike in the previous survey in which women were also engaged in manual jobs. There were significant changes in the food habits, rice becoming a staple food in place of ragi, and vegetables and fat were included frequently in the diet. Two or more full meals per day were consumed by most subjects. In the previous survey, the meal consisted of only cereals and negligible quantities of proteins and fats.
Multiple logistic regression analysis combining the data of both studies (Table 4) showed that the increased prevalence of diabetes was associated with age (OR, 1.05; p<0.0001), waist circumference (OR, 1.38; p<0.0001) and a sedentary life style (OR, 1.65; p=0.037).
Prevalence of IGT showed an association with age (OR, 1.75; p<0.0001) and BMI (OR, 1.70; p<0.0001) in the present survey.
In the 1989 survey, only 24% of the diabetic subjects were known cases, while in the present survey, 60% were known cases.
Discussion
A comparison of the two rural surveys in southern India showed that the prevalence of diabetes had increased three-fold over a period of 14 years. The prevalence of IGT had remained unchanged.
Significant changes in lifestyle, including changes in food habits and reduction in physical activity, were apparent in the comparative analysis of the two surveys. The present study cohort had a higher prevalence of obesity. A significant association of upper body adiposity and a sedentary lifestyle was observed with the rising prevalence of diabetes.
Improvements in socio-economic conditions had occurred as shown by increased family income and improved educational status. The improved economic conditions were reflected in an increase in motorised transport and access to water and electricity. Fewer subjects were engaged in manual work (22.8% in 2003 vs 80% in 1989). All these parameters had contributed to decreased energy expenditure in domestic as well as occupational functions. It has generally been observed that there has been a remarkable shift in occupational structure in lower income countries from agricultural labour towards employment in manufacturing and services, resulting in a reduction in energy expenditure and a consequent increase in obesity [9] .
We had previously noted that the risk of diabetes occurred at a lower BMI threshold (<23 kg/m 2 ) and central adiposity (waist circumference: men 85 cm; women 80 cm) in Asian Indians [10] . Therefore, the transition in lifestyle occurring in the rural population seemed to produce rapid adverse changes favouring diabetogenesis.
Prevalence of IGT had remained unchanged in the previous 14 years. The adverse environmental conditions could have favoured the conversion of IGT to diabetes, reducing the number of IGT subjects and increasing the number of diabetic subjects. The ratio of IGT:diabetes was approximately 1. Prevalence of IGT was also higher in the younger rural Indian population, as in the urban population [2] .
Awareness of the disease had increased with improved education, and access to medical care was also better. Therefore, 60% of the diabetic cases had already been diagnosed. Similar demographic changes owing to modernisation had been reported in several studies [11, 12, 13] .
Improvements in living conditions similar to those noted in our study were described in a neighbouring Bangladeshi population [11] . The prevalence of diabetes had increased from 2.23% to 3.8% in a period of 8 years. A prevalence of 6.5% for diabetes and 11.2% for IGT was reported in rural Pakistan in 1999 [12] . O'Dea et al. noted a significant increase in the prevalence of diabetes in Australian Aborigines consequent to regular contact with urbanised areas [13] .
The present study showed that diabetes had increased three-fold over a span of 14 years in a rural population in southern India. The present burden of diabetes in developing countries is chiefly associated with the urban population. The lifestyle transition occurring in the rural areas could further add to this emerging epidemic.
Moreover, according to WHO estimates, the number of diabetic patients in India is underestimated considering the current rate of change in the rural population. Does your work involve mostly sitting/standing/walking?
Answer yes.
-Minimum score = 1 Does your work involve moderate activity, e.g. brisk walking, fetching water from wells, moderate agricultural work, e.g. sowing seeds, weeding, painting buildings, household work etc? 
